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[57] ABSTRACT

Fluorescent dyes which are free of aggregation and serum
binding are provided. These dyes are suitable for applica-
tions such as fluorescence immunoassays, in vivo imaging
and 1n vivo tumor therapy. The dyes are particularly useful
in fluorescence immunoassays of biological samples con-
taining serum. Such dyes have two polyoxyhydrocarbyl
moities, one located on either side of a planar molecular
structure such as a porphyrin derivative, azaporphyrin
derivative, corrin derivative, sapphyrin derivative or por-
phycene derivative.
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PORPHYRIN, AZAPORPHYRIN, AND
RELATED FLUORESCENT DYES FREE OF
AGGREGATION AND SERUM BINDING

This application is a continuation of application Ser. No.
07/701,465, filed May 5, 1991, now abandoned.

FIELD OF THE INVENTION

The present invention is directed to fluorescent dyes
useful as marker components for use in fluorescent probes
for immunoassays, also for in vivo imaging and in vivo
tamor therapy.

BACKGROUND OF THE INVENTION

Publications and other reference materials referred to
herein are incorporated herein by reference and are numeri-
cally referenced in the following text and respectively

grouped in the appended Bibliography which immediately

precedes the claims.

The detection of small quantities of a substance may be
accomplished using detectably labelled marker components.
Fluorescent dyes may be used as labels in such marker
components. Fluorescent dyes having greater sensitivity of
fluorescent measurement are needed in order to measure
substances or phenomena at lower and lower concentrations
with accuracy. In fluorescence assays, the sensitivity of
measurement is usually limited by the ratio of the signal
obtained from a fluorescent label divided by the background
signal. Accordingly, in order to provide fluorescent labels
having high sensitivity one needs to minimize the magnitude
of the background signal obtained and t0 maximize the
signal from the fluorescent label.

Fluorescence assays are often used to measure substances
which occur in biological materials. Such biological
materials, such as serum or a cellular extract, contain a
variety of components which exhibit fluorescence and may
give appreciable background or ambient fluorescence which
may interfere with measurement of the signal from the
fluorescent label.

One way to decrease the interference from background
fluorescence is to use as fluorescent labels dyes having
longer emission wavelengths than the substances in a sample
which give rise to background fluorescence. Most sub-
stances which constitute background fluorescence in bio-
logical materials emit in the range of about 300 to about 650
nm. For example, in human serum at a wavelength of about
725 nm background fluorescence is below the detection
levels of conventionally used equipment. Fluorescent dyes
having emission wavelengths which reduce interference
from background fluorescence include cyanines, porphyrins
and azaporphyrins. However, it has been found that the use
of such labels in fluorescence assays is limited by the
problems of solvent sensitivity (significantly decreased fluo-
rescence intensity in the agqueous assay solution in compari-
son to dimethylformamide) and non-specific binding to
biological materials.

Other properties which affect sensitivity include the mag-
nitude of the extinction coefficient and quantum yield of the
fluorescent iabel and its decay time. Fluorophores have a
characteristic fluorescence {or “natural”} lifetime, that is, the
time period over which the fluorescence intensity decreases
to about 37% (l/e) of its initial value in the absence of any
deactivating factors. The decay time is the time period over
which the decrease to the 37% (l/e) level of fluorescence is
actually observed 1in realistic situations. Decay time may be
attected by external factors, thus, a filuorophore which has a
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long natural lifetime may have a short observed decay time.
A shortened decay time indicates deactivation of the excited
state of the fluorophore and a resultingly decreased quantuin
yield (fluorescence quanta emitted per quantum absorbed),
resulting in a smaller observed signal than is potentially

there (the fluorophore loses energy as heat rather than by
fluorescence emission).

Use of fluorophores having long decay times is especially
important in techniques such as transient state assays where
there is a need for fluorophores whose emissions may be
measured over a time period of about 10 to about 20
nanoseconds. Accordingly, there is a need for fluorophores
which do not suffer deactivation over such a time period.

It has been found that for fluorophores natural lifetime
and extinction coefficient vary antibatically. Also, fiuoro-

phores having longer fluorescent lifetimes are more apt to be
deactivated. Accordingly, fluorophores having enhanced
decay times, i.e. having decay times which approach their
natural lifetime, offer greater quantum yields and, thus,
greater sensitivity.

SUMMARY OF THE INVENTION

The present invention relates to marker components
which are useful as detectable labels. These marker com-
ponents may be used as detectable labels in diagnostic
reagents and are particularly usetul in assays such as fluo-
rescence immunoassays and other immunoassays. Accord-
ing to the present invention, detectably labelled marker
components are provided that comprise a fluorophore moi-
ety coupled to two solubilizing polyoxyhydrocarbyl moi-
eties which in the presence of serum components in agueous
solutions are characterized by transient state fluorescence

emission having parallel and perpendicular components of
substantially the same intensities as without serum.

The present invention is directed to a detectably labelled
marker component which comprises a fluorphore moiety
comprising a luminescent substantially planar molecular
structure coupled to two solubilizing polyoxyhydrocarbyl
moieties, one located on either side of the planar molecular
sfructure.

In one aspect, the present invention is directed to detect-
ably labelled marker components which comprise a fiuoro-
phore moiety which comprises a substantially planar mac-
rocyclic multidentate igand coordinated to a cenfral atom
and two solubilizing polyoxyhydrocarbyl moieties, one
linked on either side of the plane of the multidentate ligand
to the central atom.

In one preferred aspect, the present invention is directed
to a marker component comprising a fluorophore moiety
which comprises a substantially planar multidentate macro-
cyclic ligand coordinated to a central atom capable of
coordinating with two axial ligands which are coordinated to
the central atom on either side of the macrocyclic ligand.

The commonly assigned and copending U.S. patent appli-
cation of Peter Arrhenius “Fluorescent Marker Components
and Fluorescent Probes” application Ser. No. 07/524.212
discloses marker components which comprise a fluorophore
moiety linked to at least one solubilizing polyoxyhydrocar-
byl moiety which have decreased solvent sensitivity and
diminished binding to human serum albumin (“HSA”).
Although the marker components disclosed exhibited sur-
prisingly advantageous properties, when used with samples
having human serum, some exhibited non-specific binding
to a serum component which was not HSA. Additionally,
some marker components exhibited a low level of solvent
sensitivity indicating some residual quenching and aggre-
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gation. Some of those marker components did not migrate
on gels and on TLC and when chromatographed on a
molecular sizing gel filtration column eluted, with the void
volume, (molecular weight 40,000) indicating some appar-
ent aggregation.

Surprisingly, it has been found that marker components of
the present invention which comprise a macrocyclic multi-
dentate ligand having two solubilizing polyoxyhydrocarbyl
moieties one located on either side of the plane of the
multidentate ligand exhibit no detectable non-specific bind-
ing to serumn components, and exhibit no detectable solvent
sensitivity. These marker components also exhibit enhanced
decay times which approach their natural (fluorescent) life-
times.

The marker components of the present invention are
particularly suitable as detectable labels for use in assays for
detecting analyte in aqueous solution. These marker com-
ponents are useful as fluorescent labels for incorporation in
fluorescent probes. Some of these marker components are
useful as phosphorescent labels. These components are also

as labels for agents for in vivo imaging and also as labels for
agents used in in vivo tumor therapy.

Accordingly, in general, preferred are fluorophores which
efficiently produce fluorescence upon excitation with light
whose wavelength falls in the range of about 200 to about
1000 nanometers, preferably in the range of about 600 to
800 nanometers.

Suitable fluorophores include those which absorb and/or
emit at wavelengths which are distingnishable from the
excitation and emission maxima of other solution compo-
nents (such as proteins present in a sample) to minimize
background fluorescence.

Since these marker components are particularly useful in
assays using samples of biological fluids, for those uses,
preferred are finorphores having excitation and/or emission
wavelengths of at least about 500 nanometers which reduces
interference from the ambient fluorescence of other sample
components. Some samples, such as serum, may exhibit
considerable interfering background fluorescence from
flavins, flavoproteins, NADH, etc. when excitation wave-
lengths less than 500 nm are used.

For certain applications, such as fluorescence polarization
immunoassays, preferred fluorophores may also exhibit a
high degree of fluorescence polarization, preferably greater
than about 10% of the theoretical maximum value for an
observable polarization. For certain applications such as
fluorescence transient state assays, preferred fluorophores
are also characterized by measured fluorescence decay times
in the range of about 1 nanosecond to about 50 nanoseconds,
preferably in the range of about 5 to about 20 nanoseconds.
For other applications, such as phosphorescent labels, fluo-
rophores having even longer decay times may be used.

Thus, preferred are fluorphores which produce fluorescent
light efiiciently, i.e., which are characterized by high absor-
bitivity at the appropriate wavelength and high fluorescence
quantum yields. For certain applications, preferred fluoro-
phores have measured fluorescence decay times on the order
of at least 2 nanoseconds and exhibit a high degree of
fluorescence polarization.

Preferred solubilizing polyoxyhydrocarbyl moieties
include water soluble carbohydrates such as glucose,
sucrose, maltotriose, and the like; water soluble carbohy-
drate derivatives such as gluconic acid and mannitol and
oligo saccharides; and water soluble polymers such as
polyvinylpyrrolidone, poly(vinylalcohol), poly
(ethylenimine), polyacrylic acid, polyacrylamide, ethylene
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oxide copolymers such as Pluronic (a propylene oxide
copolymer, available from BASF) and Tetronic (BASF)
polyol surfactants; and polyethers, including water soluble
polyoxyalkylene polymers, particularly poly(ethylene
glycol) (“PEG”) and poly(ethylene glycol) derivatives such
as poly(ethylene glycol) methyl ether, poly(ethylene glycol)
silicon derived ethers and the like.

In one aspect, the present invention is directed to marker
components comprising a filuorophore moiety which com-
prises a substantially planar, multidentate macrocyclic
ligand coordinated to a central atom capable of coordinating
with two axial ligands and two polyoxyhydrocarbyl moieties
which are attached as axial ligands to the central atom. For
use as marker components in fiuorescence immunoassays,
suitable central atoms are those to which may coordinate
two axial ligands and which are not of high enough atomic
number to cause extensive fluorescence quenching by tran-
sition to the triplet state. Preferred elements for the central
atom include silicon, germanium, phosphorus, and tin, espe-
cially preferred are silicon and germanium.

These marker components may be used as labels for
labelling an analyte, antigen, antibody or other molecule.
These marker components may be optionally functionalized
so as to include a linker arm which allows the marker
component to be linked to the analyte, antigen, antibody or
other molecule. A variety of linker arms which are suited to
this purpose have been described. (Ref. 1). The marker
component 1s linked to the analyte, antigen, antibody or
other molecule using conventional techniques.

Definitions

As used herein, the following terms have the following
meanings unless expressly stated to the contrary:

The term “analyte” refers to the compound or compound
to be measured in an assay which may be any compound for
which a receptor naturally exists or can be prepared which
i1s mono- or polyepitopic, antigenic or haptenic, a single or
plurality of compounds which share at least one common
epitopic site or a receptor.

The term “axial ligand” refers to a substituent which,
together with a macrocyclic ligand, forms a coordination
complex with a central atom. The axial ligand lies normal to
the plane described by the macrocyclic ligand.

The term “fluorescent probe” refers to a marker compo-
nent comprising a fluorophore moiety which is bonded to or
coordinates either directly or via a linker arm to an analyte,
antigen, hapten, antibody or other molecule which is used in
an assay, such as a fluoroimmunoassay to determine the
presence of and/or quantitate a substance of interest.

The term “solvent sensitivity” refers to changes in the
fluorescence behavior of a molecule depending on the
solvent system in use, most notably referring to differences
in fluorescence behavior in aqueous solution in comparison
with organic solvents (such as DMF). Many fluorophores
which exhibit high fluorescence intensity in organic solvents
such as DMF show substantially decreased fluorescence
intensity in aqueous solution.

Fluorescence intensity is related to sample concentration
and the intensity of the exciting radiation. The fluorescence
intensity of a particular dye can be correlated to its charac-
teristic light absorptivity (extinction coefficient) and fluo-

rescence quantum efficiency, as well as environmental fac-
tors.

The term “specific binding pair” refers to two different
molecules (or compositions) wherein one of the molecules



5,641,378

S

has an area on the surface or in a cavity which specifically
recognizes and binds to a particular spatial and polar orga-
nization of the other molecule or molecular compiex 1nvolv-
ing other molecules.

The term “binding partner” refers to a molecule or °

molecular complex which is capable or specifically recog-
nizing or being recognized by a particular molecule or
molecular complex.

The term “bound” refers to the condition in which a
binding interaction has been formed between a molecule and
its specific binding partner.

The term “synbatic” refers to two variables that are
related such that when one increases, the other also

increases; however, they need not increase at rates that are
propottional to each other.

The term ‘“‘antibatic” refers to two variables that are
related such that when one increases, the other decreases;

however they need not change at rates inversely proportional
to each other.

The term “decay time” is the time which must elapse in

order for the concentration of excited molecules to decrease
from its initial concentration to 1/e of that value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B and 1C depict transient state fluorescence
emisston for a marker component prepared according to
Example 3.

FIGS. 2A and 2B depict transient state fluorescence
emisston for a marker component prepared according to
Example 5.

FIGS. 3A and 3B depict visible and near-infrared absor-
bance of a marker component prepared according to
Exampie 5.

FIGS. 4A and 4B depict transient state fluorescence
emission of a product of the first stage (“Early Blue Stage™)

of the reaction between dihydroxy silicon phthalocyanine
and PEG.

FIGS. S5A and 5B depict the product of the later stage
(“Blue Green Product”) of the reaction between dihydroxy
silicon phthalocyanine and PEG.

FIGS. 6A, 6B and 6C depict transient state fluorescent

emission of sulfonated silicon phthalocyanine prepared
according to Example 10.

FIGS. 7A and 7B depict visible and near-infrared absor-

bance of sulfonated silicon phthalocyanine prepared accord-
ing to Example 10.

FIG. 8 depicts a tetrabenzotriazaporphyrin moiety with
conventional numbering for the macrocyclic ring.

DETAILED DESCRIPTION OF THE
INVENTION

I. PREFERRED MARKER COMPONENTS
A. Preferred Fluorophore Moieties

Suitable fluorophore moieties comprise a luminescent
substantially planar molecular structure. Preferred are fluo-
rophore moieties in which the luminescent substantially
planar molecular structure comprises a substantially planar
macrocyclic multidentate ligand which coordinates a central
atom which may coordinate with two axial ligands, one on
either side of the macrocyclic ligand (i.e. having a trans
orientation).

Preferred central atoms are elements which may form
octahedral coordination complexes containing two ligands
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with a trans or axial orientation, on either side and perpen-
dicular to the planar macrocyclic ligand. For use as fluores-
cent marker components in certain applications the central
atom should not have too high atomic number (about 30 or
less) so that fluorescence is largely lost by transition to the
triplet state. For uses such as in vivo tumor therapy, higher
atomic weight atoms may be used, or in separation-type
assays or for phosphorescent labels.

Preterred multidentate ligands include nitrogen-
containing macrocycles which have conjugated ring systems
with pi-electrons. These macrocycles may be optionally
substituted, including substitution on bridging carbons or on
nitrogens. Suitable macrocycles include derivatives of
porphyrins, azaporphyrins, corrins. sapphyrins and por-
phycenes and other like macrocycles having conjugated

T-electron ring systems. In view of the fact that they
incorporate many of the above-noted characteristics, an

especially preferred class of macrocycles comprise porphy-
rin derivatives, and azaporphyrin derivatives (porphyrin
derivatives wherein at least one of the bridging carbons is
replaced by a nitrogen atom). Azaporphyrin derivatives
include derivatives of mono-, di- and triazaporphyrin and
porphyrazine. These macrocycles may optionally have fused
aromatic rings. These azaporphyrin derivatives include
phthalocyanine, benzotriazaporphyrin and naphthaiocya-
nine and their derivatives. The preparation and fluorescent
qualities of many of these compounds are known and some
are available commercially. (Ref. 2, 3, 4, 5).

For certain applications, such as fluorescence polarization
assays, preferred are azaporphyrin derivatives which exhibit
a high degree of polarization, that is, those which emit
strongly polarized light. For these applications, preferred are
macrocycles having lower degrees of symmetry, preferably
having lower symmetry than D,,. One preferred group
includes macrocycles having at least one fused aromatic
ring. Thus, preferred macrocycles include azaporphyrin
derivatives having fused aromatic rings at positions which
result in decreased symmetry. Preferred classes of azapor-
phyrin derivatives comprise derivatives of
monoazaporphyrin, diazaporphyrin, and triazaporphyrin
having lower than D,, symmetry.

B. Preferred Solubilizing Polyoxyhydrocarbyl
Moieties

Preferred solubilizing polyoxyhydrocarbyl moieties
include water soluble carbohydrates such as glucose,
sucrose, maltotriose and the like; water soluble carbohydrate
derivatives such as gluconic acid and mannitol, and oli-
gosaccharides; polypeptides such as polysine and naturally
occurring proteins; and water soluble polymers such as
polyvinylpyrrolidone, poly(vinyl alcohol), poly
(ethylenimine), polyacrylic acid, polyacrylamide, ethylene
oxide copolymers such as Pluronic™ (a polyether) and
Tetronic™ (BASF) polyol surfactants and, in particular,
polyethers such as other polyoxyalkylenes including poly

(ethylene glycol), or other water soluble mixed oxyalkylene
polymers, and the like.

A particularly preferred class of solubilizing polyoxyhy-
drocarbyl moieties comprises poly(ethylene glycol) (PEG)
and poly(ethylene glycol) derivatives, such as poly(ethylene
glycol) monomethyl ether. Other suitable PEG derivatives
include PEG-silicon derived ethers (see Example 9). Many
of these polymers are commercially available in a variety of
molecular weights. Others may be conveniently prepared
from commercially available materials, such as by coupling
of an amino-PEG to a haloalkyl silyl or silane moiety. When
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linked to a fluorophore moiety, these polyoxyhydrocarbyl
moieties impart particularly advantageous qualities of solu-
bility in aqueous solution with improved measured fluores-
cence decay time, and improved fluorescence intensity.
Moreover, the resulting marker components are water
soluble and show decreased non-specific binding, especially
decreased binding to serum albumin which has heretofore
been a problem with certain fluorophores, particularly por-
phyrin or phthalocyanine dyes which have been functional-
ized with groups such as sulfonate to impart increased water
solubility to the molecule. Non-specific binding of fluoro-
phore or marker component impairs the accuracy of the
resulting immunoassay. These marker components which
comprise fluorophore linked to PEG may also exhibit
improved fluorescence intensity in aqueous solution with
decreased quenching.

Suitable PEGs may vary in molecular weight from about
200 to about 20,000 or more. Choice of a particular molecu-
lar weight may depend on the particular fiuorophore chosen
and its molecular weight and degree of hydrophobicity, as

well as the particular application for which the fluorophore-
PEG complex is to be used.

C. Absorbance and Polarization Behavior of
Preferred Marker Components

The lack of solvent sensitivity and non-specific binding to
HSA and serum components was demonstrated by measure-

ment of absorbance spectra and transient state fluorescence
emission.

These marker components which comprise a central atom
(for example, silicon) coupled to two PEG moieties may be
sensitively characterized by measurements of transient state
fluorescence. In such measurements the intensity of the two
components polarized either parallel or perpendicular to the
direction of polarization of the exciting pulse is monitored
over a time period equal to about 3 times the decay time of
the marker component. Such curves reflect extinction
coefiicient, quantum yield, decay time and state of polar-
ization and supply sensitive indications on the chemical and
physical condition of the marker component.

For example, if the excited state is being deactivated or
converted to the triplet state the overall intemsities are
lowered and the decay times shortened. If the rotary brown-
ian motion of the molecule is being altered by an increase in
viscosity or by being bound to a large molecule, the ratio of

the intensity of the parallel to the perpendicular component
is increased.

Some marker components according to the present inven-
tion show, within experimental error of about 5%, the same
intensities, decay time and polarization in DMF (an organic
solvent) as in SAP (saline azide phosphate, an aqueous
neutral buffer). To some extent these properties are shared by
other marker component preparations. A distinctive and
important property of the marker components of the present
invention is a insensitivity to (and lack of binding to) the
components in serum which is evidenced by a lack of any
measured effect of serum on the intensities, decay time or
relative magnitudes of the polarized components of the
fluorescence. This property is crucial for the marker com-
ponents to be useful for applications such as assays using
biological materials.

FIGS. 3A and 3B depict the absorbance spectra in the
visible and near-infrared range for a product of hydroxy
silicon phthalocyanine with PEG monomethyl ether of aver-
age molecular weight 350 (see Example 5). These figures
show that the positions and heights of the absorbance
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maxima are nearly identical in DMF, an organic solvent
(FIG. 3A), and in SAP (saline azide phosphate), an aqueous
buffer solution (FIG. 3B). In contrast, silicon phthalocyanine
which is unsubstituted with the solubilizing polyoxyhydro-

carbyl axial ligands would be nearly insoluble in either of
these solvents and would exhibit only very low absorbence

levels in DMF and virtually none in SAP.
FIGS. 2A and 2B depict transient state fluorescence

emission for the same PEG-substituted silicon phthalocya-
nine as used for FIGS. 3A and 3B. These figures show that
emission was virtually unaffected by the addition of human
serum (100 pl) to sample in SAP (3.1 mli total volume). A
silicon phthalocyanine solubilized by derivatization of the
phthalocyanine macrocycle with sulfonate without the PEG
ligands would show changes in both fluorescence intensity
and polarization when serum was added. Those changes are
abrogated by the replacement of the hydroxy groups with the
PEG axial ligands.

FIGS. 1A, 1B and 1C depict transient state fluorescence
emission for a PEG-substituted silicon phthalocyanine
where the phthalocyanine macrocycle is sulfonated. This

PEG-silicon phthalocyanine derivative demonstrated the
same transient state emission in the presence of HSA (100 ul

of 5% HSA FIG. 1B), and HSA plus serum (100 pl of 5%
HSA and 100 pl serum-FIG. 1C), as it did in buffer alone
(SAP-FIG. 1A). These figures demonstrate that sulfonation
of the macrocycle did not affect the ability of the axial
polyoxyhydrocarbyl solubilizing moieties to prevent non-
specific binding of the marker component to either HSA or
SCIum components.

FIGS. 6A, 6B and 6C depict transient state fluorescence
emission for a sulfonated silicon phthalocyanine prepared
according to Example 10, which does not have any solubi-
lizing polyoxyhydrocarbyl moieties linked to the central
silicon atom. FIG. 6A depicts the transient state fluorescence
of sulfonated phthalocyanine in DMF which shows the two
components polarized either parallel or perpendicular with
respect to the polarization of the excitation flash. FIG. 6B
depicts the transient state fluorescence of the same material
in SAP as FIG. 6A at the same concentration. A comparison
of FIGS. 6A and 6B shows that the material is solvent
sensitive and that its fluorescence is about 40% quenched in
SAP. FIG. 6C depicts the transient state fluorescence of a 3
ml sample of the solution of 6B to which 100 ul of human
serum was added. Comparison of FIGS. 6B and 6C, dem-
onstrates that the addition of serum to the solution produced
an enhancement of fluorescence and induced polarization of
the emission of this dye such that the parallel and perpen-
dicular components were not of substantially equal intensity.
This indicates substantial binding of the sulfonated silicon
phthalocyanine to serum components. The change in inten-

sity after addition of the serum is also indicative of binding
to serum components.

FIGS. 7A and 7B depict visual and near-infrared absor-
bance of a sulfonated silicon phthalocyanine prepared
according to Example 10. FIG. 7A depicts the absorption
spectrum of the sulfonated silicon phthalocyanine in DMF.
Wavelength maxima and absorbances are 673 nm (0.634)
and 603 nm (0.107) respectively. FIG. 7B depicts the
absorption spectrum of the sulfonated silicon phthalocya-
nine in SAP at the same concentration as FIG. 7A. Wave-
length maxima and absorbance are 678 nm (0.509) and 606
nm (0.092), respectively.

IL. PREPARATION OF PREFERRED MARKER
COMPONENTS

According to one method of preparing the preferred
marker components of the present invention, the appropriate
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fluorophore moiety having hydroxy or halide groups as axial
ligands is reacted with a reactive form of the solubilizing
polyoxyhydrocarbyl moiety in a ligand exchange reaction
according to the general reaction scheme;

Mcl-CA~(X), +2(SM)—Mcl-CA(SM),+2X

wherein Mcl denotes the macrocyclic ligand, CA the central
atom, X the displaced ligand and SM the solubilizing
moiety. This reaction may be carried out neat or, if desired,
in solvent. Suitable solvents include quinoline, THF, DME,
imidazole and the like. Suitable reaction temperatures rmay
vary, depending on the nature of the macrocyclic starting
material and the solubilizing group. The reaction is generally
complete in about 2 minutes to about 24 hours. The reaction
mixture can be conveniently heated under reflux or by
means such as a sand bath. For convenience, the reaction
may be carried out at ambient pressure.

It is believed that this reaction takes place in two steps,
with one polyoxyhydrocarbyl group coordinating as an axial
ligand at a time.

FIGS. 4A, 4B, 5A and 5B demonstrate that the reaction of
the polyoxyhydrocarby moiety with the central atom coor-
dinated macrocyclic ligand may proceed in stages. These
figures depict products of the reaction of PEG with dihy-
droxy silicon phthalocyanine (PcSi(OH),). FIGS. 4A and 4B
demonstrate that at the first stage (“Early Blue Stage”), the
fluorophore moiety (SiPc), while being rendered soluble in
both DMF and SAP (aqueous saline azide phosphate buffer),
was markedly sensitive to solvent and was about 85%
quenched (note the differences in ordinate scale). FIGS. SA
and SB demonstrate that product of the latter stage of the
reaction (“Blue Green Product”), in contrast, was totally
insensitive to solvent and showed the same emission inten-
sity and decay time in either solvent.

i UTTLITY

The marker components of the present invention are
useful as fluorescent labels for fluorescent probes and in
fluorescence immunoassays and also in as labels for in vivo
imaging and in vivo tumor therapy.

These marker components may be advantageously used as
fluorescent labels in conventional fluorescence
immunoassays, including fluorescence polarization immu-
noassays. When so used, these marker components may be
linked to one member of a specific binding pair (“labelied
binding partner”) or an analog of such a member. The
marker component may be directly attached or conjugated
thereto or attached or conjugated via a linker arm.

These labelled binding partners are useful in assays
having a variety of formats, such as assays which involve
competition for analyte or analyte binding partner (if a
labelled analyte or analyte-analog as used) and may be used
in either homogeneous or heterogeneous assays.

In view of their advantageous freedom from aggregation
in aqueous solution and lack of solvent sensitivity
(indicating no detectable aggregation) in combination with
their lack of nonspecific binding to serum components and
other biological macromolecules, these markers are espe-
cially suited for use in assays for detecting an analyte in a
sample containing a biological fluid such as serum. Thus,
these marker components may be used as labels for fiuo-
rescent probes for detecting analytes in solutions where
non-specific binding by serum components would severely
compromise sensitivity of an assay, affecting both its accu-
racy and precision.
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Alternatively, these marker components may be used as
agents for in vivo imaging. When used as tmaging agents,
these marker components are conjugated to one member of
a specific binding pair to give a labelled binding partner. The
labelled binding partner is introduced into an animal. If the -
other member of the specific binding pair is present, the
labelted binding partner will bind thereto and the signal

produced by the marker component may be measured and its
localization identified.

These marker components may also be used in in vivo
tumor therapy. For example, photodynamic therapy involves
using the marker component as a photosensitizing agent.
The marker component (fluorescent label) is conjugated to a
binding partner which may specifically recognize and bind
to a component of a tumor cell. The localized fluorescent
emission from the bound marker component conjugate after
excitation by light, causes selective damage and/or destruc-
tion to the tumor cells.

To assist in understanding the present invention, the
tollowing examples are included which describe the results
of a series of experiments. The following examples relating

to this invention should not, of course, be construed in
specifically limiting the invention and such variations of the

invention, now know or later developed, which would be
within the purview of one skilled in the art are considered to

fall within the scope of the invention as described herein and
herein after claimed.

EXAMPLES
EXAMPILE 1

PREPARATION OF DIHYDROXY-SILICON
PHTHALOCYANINE (Pc-Si(OH).,)

Dichlorosilicon phthalocyanine (259 mg) (Aldrich
Chemical Co. #28,776-8) was refiuxed with stirring in a
mixture of 10 ml concentrated ammonium hydroxide and 10
ml pyridine for about 14 hours. Escape of ammonia gas was

minimized by sealing off the top of the reflux condenser with
a rubber balloon.

The reaction mixture was cooled, diluted to 40 ml with
water and centrifuged. The sediment was washed by resus-
pension in 40 ml water and again centrifuged. In order to
sediment the dye in the third water wash, a small amount of
ammonium formate was added to promote fiocculation. The
washed moist residue was dried in vacuo.

EXAMPILE 2

SULFONATION OF DIHYDROXYSILICON
PHTHALOCYANINE

A total of 800 pl chlorosulfonic acid in two different
portions was added to 23 mg dihydroxysilicon phthalo-
cyamine. The mixture was stirred constantly while being
maintained at a temperature of 110°-115° C. for three hours.
At this time the reaction mixture was cooled and cautiously
added in small portions to ice. The resulting dye solution
was saturated with solid sodium chloride; the salted-out dye
was removed by centrifugation. The resulting sediment was
dried in vacuo to give 16 mg of sulfonated Pc-Si{OH)..

EXAMPLE 3

COUPLING OF POLYETHYLENE GLYCOL TO
SULFONATED Pc-Si-(0OH)..

A mixture of 2 mg of sulfonated Pc-Si(OH), and 300 ul
polyethyleneglycol (average molecular weight 300) was
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held at a temperature of about 185°-200° C. for thirty
minutes. The reaction mixture quickly became dark green
upon heating and when cooled, after the thirty minute period
was used directly for characterization of spectroscopic and
solution properties.

A small amount of the reaction mixture (about 1 drop)
affording an appropriate level of fluorescence intensity was
diluted in DMF and 5 pl of this solution was added to 2 ml
of SAP in a fluorescence cuvette. The transient state fluo-
rescence was measured at an excitation wavelength of 694
nm with no emission filter. After an initial trace in SAP, 100
i of 5% HSA was added and the fiuorescence was remea-

sured. This was followed by the addition of 100 pl of human

serum and a final measurement of fluorescence. FIGS. 1A
(SAP), 1B (SAP+HSA) and 1C (SAP+HSA+serum) dem-
onstrate that no significant differences in the fluorescence
intensity, decay time or polarization were observed in the
curves obtained. This result indicated that the sulfonated
Pc-PEG compound obtained exhibits no detectable binding
to serum components.

EXAMPLE 4

DEMONSTRATION OF STAGES IN THE
REACTION BETWEEN PcSi(OH.,) and PEG.

A small amount (<1 mg) of PcSi(OH), was mixed with
about 300 pl PEG 300 (Aldrich #20237-1) in a 12x75 mm
test tube. The mixture was shaken by hand to give a turbid
blue suspension and was then placed in a sand bath at 185°
C. for 1 minute, then removed and allowed to cool. The
suspension had cleared somewhat and was still blue. An
1nitial sample (Early Blue Stage) was removed. Heating was
then continued for an additional 10 minutes at 183°-185° C.
at which time the mixture was necarly clear and had a
blue-green color (Blue Green Product). Samples of the two
stages (10 pl each) were diluted with 1 ml DMF each and
then 60 pl of these solutions were added to 3 mi portions of
either DMF or SAP for fluorescence measurements. The
results are shown in FIGS. 4A and 4B (Early Blue Stage) and
5A and 5B (Blue Green product). For the early blue stage the
fluorescence signal in SAP was only Y as great as that in
DMF while for the Blue Green Product the entire time

course of the transient fluorescence in the two solvents was
substantially identical.

These results are in harmony with the concept that in the
Early Blue Stage the central Si moiety of the silicon phtha-
locyanine molecule had combined with only one PEG
molecule leaving the planar dye molecule unprotected on
one side, while in the Blue Green Stage the Si moiety had
combined with two PEG molecules, thus fully protecting the
dye structure from solvent effects. Such a structure might be
symbolized appropriately by PcSi(PEG)..

EXAMPLE 5

ABSORBANCE OF PcSi(PEG-Me, 350), IN DMF
AND IN SAP

In a 12X75 mm test tube, 0.8 mg PcSi(OH), was mixed on
a vortex mixer with 1 ml PEG-Me, 350 (Aldrich #20247-9)
and 100 pl quinoline (Aldrich #24157-1). The mixture was
placed in a sand bath at 180° C. and heated over a period of
1 hour to 220° and for an additional 30 minutes at 220°. At
this point the solution was clear and of a deep green color.

A sample (100 pl) was diluted with 200 pul SAP and
centrifuged at 10,000 g for 40 minutes. No visible sediment
was detected and 60 ul of the supernatant fluid was diluted
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in 3 ml DMF or SAP. Absorbance scans in two solvents
showed that the integrated absorbances are nearly identical
with maxima separated by only 7 nm.

- FIGS. 3A and 3B depict the visible and near-infrared
absorbance in DMF and SAP.

These measurements support the position that the material
formed in the reaction corresponded to PcSi(PEG),. The
pronounced green color arising on long heating did not
contribute significantly to absorption in the spectral region
shown in FIG. 3A and 3B but only at much lower wave-
lengths (350400 nm) and it is only the eye that perceives
the mixture of blue and red absorbance as green. As shown
in Example 4, the condensation reaction proceeded very
rapidly even in the absence of any catalyst and probably has
gone to completion well before the solution was noticeably
green. The present example was of additional significance in
that no functional groups are present on the Pc ring and only
one active group (—OH) was present on each molecule of
PEG. These conditions considered in conjunction with the
large molar excess of PEG in the reaction mixture strongly
support the formulation of PcSi (PEG-Me), for the product
absorbing in the 680 nm region.

EXAMPLE 6

EFFECT ON FLUORESCENCE BEHAVIOR OF
PcSi(PEG-Me), CAUSED BY SERUM
COMPONENTS

FIGS. 2A and 2B demonstrate that the fluorescence of
PcSi (PEG-Me), in SAP was unaffected by serum in con-
centrations prevalent in immunoassays.

The DMTF solution of PcSi(PEG-Me), utilized in Example
5 for the measurement of absorbance was further diluted (3
pi+3 ml SAP) for the present experiments.

Transient state filuorescence of the solution was measured
with or without the addition of 100 pl of human serum (to
give a total volume of 3.1 ml). The results are shown in

- FIGS. 2A and 2B. The fluorescence intensity, polarization

and decay time were nearly identical in the two samplies
which indicated a lack of binding of serum components in
SAP. However, if the medium was made very non-
chaotropic so as to accentuate hydrophobic interactions,
binding may then be observed. Samples of sulfonated silicon
phthalocyanine without the PEG ligands in aqueous solution
will show changes in both fluorescence intensity and polar-
ization where serum is added.

EXAMPLE 7

BEHAVIOR OF PcSi(PEG 300), IN GEL
FILTRATTON

A column of P-30 Biogel (Bio Rad Laboratories) which
had a fractionation range of 2,500 to 40 K daltons was made
in SAFP. Column volume was 5.1 ml and length was 17.5 cm.
The void volume was found to be 1.5 ml for blue dextran
which came through in 0.61 ml when 100 ul was applied.
When 100 pl of suiforated Pc-Si(PEG), as used in Example
3 was applied to the column, the breakthrough was out 3.48
ml and practically all the material was contained in (.77 ml.

Since the dye breakthrough was not until 2.3 times the
void volume, it indicated that the dye was not aggregated
even at concentrations (i.e. color) that can be seen by the
unaided eye.

EXAMPLE 8

BEHAVIOR OF SULFONATED PcSi(PEG 300),
ON FILTERS OF KNOWN POROSITY

To 495 pt of modified Dorsett buffer (an aqueous solution
containing (.14 M Na(l, (0.0025 M KCl, 0.0015M KH,PO,,
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0.010 M Na,HPO,, 0.001 M NaN, and 0.05% Tween 20)
was added 5 pl of sulfonated PcSi(PEG), (as used in
Example 3). To a filter which would retain molecules of
30,000 daltons or more (Millipore Corp, Ultrafree Mc,
30,000 NMWL) was added 420 ul of the buffered PcSi
(PEG), solution. The filter assembly was centrifuged for 40
minutes at 7000 g.

Steady state fluorescence measurements made in a digital,
photon-counting fluorescence polarometer with excitation at
700 nm demonstrated that 59% of the dye was recovered in
the filtrate. Three other buffers tested in the same format
allowed only very small fractions of the dye to pass into the
filtrate. These results were probably attributable to adsorp-
tion on the filter surface which in the case of modified

Dorsett buffer was possibly prevented by inclusion of Tween
20.

EXAMPLE 9

PREPARATION OF A WATER-SOLUBLE BIS-
POLYETHYLENEGLYCOL SILICON
PHTHALOCYANINE

Chloropropyldimethylchlorosilane was purchased from
Petrarch Systems.

Dihydroxysilicon phthalocyanine (0.16 mmol), imidazole
(0.7 mmol), and dry DMF (1 ml) were placed in a flask and
stired at 20° C. while chloropropyldimethylchlorosilane
(0.7 mmol) was added dropwise, taking care to exclude
atmospheric moisture. Stirring at 20° C. was continued for
20 houss.

At this time, solvent was removed under reduced
pressure, and the product applied to a silica gel chromatog-
raphy column. Elution with CH,Cl,-hexane (1:1) afforded a
single major colored fraction, SiPc[OSi(CH,)
,CH,CH,CH,Cl], (compound I).

NMR spectra were recorded on a (eneral Electric
QE-300 Spectrometer. NMR (CDCl;): 0 9.65 (m, aromatic,
4H), 6 8.45 (m, aromatic, 4H), 6 2.1 (t, CH,-Cl, 2H), 0 —0.85
(m, CH,2H), 6 —2.09 (m, CH,-Si, 2H), 0 —2.85 (s, CH;, 6H).

A. Compound I {0.01 mmol) was placed in a flask with
amine-terminated polyethyleneglycol, MW 2000 (0.2
mmol), sodium iodide (0.01 mmol) and DMF (1 ml), ard the
mixture was heated and stirred at 90° C. for 15 hours.

Removal of solvent under reduced pressure afforded a
viscous blue liquid which was purified by chromatography.
This product, SiPc[OSi(CH5),CH,CH,CH,NH-PEG],, was
highly water soluble and exhibited strong fluorescence in
aqueous solution. The fluorescence of this material as a
solution in a biological buffer was not affected by the
addition of human serum albumin (o a final concentration of
3 weight volume %).

B. Compound I (0.01 mmol) is placed in a flask with
amine-terminated polyethylenegliycol, MW 600 (0.2 mmol),
sodium iodide (0.01 mmol) and DMF (1 ml), and the
mixture is heated and stirred at 90° C. for about 15 houss.

Removal of solvent under reduced pressure atfords a
viscous blue liquid which is purified by chromatography.

EXAMPLE 10

PREPARATION OF THE SULFONYLCHLORIDE
OF SILICON PHTHALOCYANINE

To 0.91 g dichlorosilicon phthalocyanine in a flask with a
reflux condenser, drying tube and stirring bar was added 8.6
ml chlorosulfonic acid. The mixture was heated with stirring
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to 100°-115° C. After 3.5 hours, the mixture was allowed to
cool overnight. Conversion to the sulfonyl chloride was
carried out by adding 6 ml thionyi chioride and then reflux-
ing the resulting mixture for 1.5 hours. The mixture was
cooled and added slowly to ice. The aqueous suspension was
filtered and the solid was washed thoroughly with water and
finally dried in vacuo over P,O5 to give 141 g of the
above-identified product as a dry solid.

EXAMPLE 11

MAGNESIUM
TETRABENZOTRIAZAPORPHYRIN
(MgTBTAP) MAGNESIUM 27-
PHENYLTETRABENZOTRIAZAPORPHYRIN
(Mg 27-PhTBTAP) MAGNESIUM 27-(P-
METHYLPHENYL)
TETRABENZOTRIAZAPORPHYRIN (Mg 27-p-
MePhTBTAP)

The synthesis of magensium tetrabenzotriazaporpyrhin
was first reported by Linstead in 1939 (Ref. 6). This dye was
prepared by treating 1:1 equivalent of 1,2-dicyanobenzene
with MeMgl in ether. After removal of ether, the interme-
diate was heated at 200° C. to give MgTBTAP. We found
that during the heating process, the presence of high boiling
solvent such as 1,2.3.4-tetrahydronaphthalene in the reaction

mixture was essential to increasing the yield of MgTBTAP.
We, therefore, modified the procedures.

A. Magnesiam Tetrabenzotriazaporphyrin
(MgTBTAP)

A solation of 27 ml of 3 M MeMgl was added to a stirred
mixture of 10.5 g 1.2-dicyanobenzene and 250 ml ether. The
liquid immediately turned light brown. Within five minutes,
a dark brown mass began to separate and the ether began to
boil gently. The reaction was allowed to proceed without
cooling and the reaction vessel was kept open allowing ether
to evaporate. After Y2 hour, the reaction ceased and the
remainder of the ether was removed on a hot water bath. To
the dry residue were added 20 ml 1,2,3,4-
tetrahydronaphthalene. The mixture was placed in an oil
bath preheated to 190°. After 5 minutes, the temperature
reached 200°. Water was added dropwise and an evolution
of white fumes took place. A total of 20 ml water were added
over a period of 20 minutes. Heating was continued at 200°
for Y2 hour. After cooling to room temperature, the dark solid
was crushed and repeatedly extracted with a mixture of
EtOH and concentrated HC1i (9:1) until the extracts were no
longer yellow brown. The residue was washed with acetone
and dried in a vacuum desiccator overnight. Yield was 4.35

g.

B. Magnesium 27-Phenyltetrabenzotriazaporphyrin
(Mg 27-PhTBTAP)

In the same manner as described above, 27-PhTBTAP was
prepared. From 4.84 g 1,2-dicyanobenzene and 40 mi 1 M
benzylmagnesium chloride, 7.53 g crude product were
obtained. A considerable amount of magnesium 27-phenyl-
tetrabenzdiazaporphyrin (Mg 27-PhTBDAP) was formed as
a side product in this synthesis. In addition, some magne-
sium phthalocyanine (MgPc) was also formed. The crude
Mg 27-PhTBTAP can be purified on a Si0, column accord-
ing to the procedures described by Leznoff. [Ref. 7]

C. Magnesium 27-(p-Methylphenyl)
tetrabenzotriazaporphyrin (Mg 27-p-MecPhTBTAP)

When Linstead’s procedures or our modified procedures
for the synthesis of MgTBTAP were followed, only a trace
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of 27-p-MePhTBTAP was formed. The major product was
MgPc. Therefore, the procedures were further modified.

In a three necked round-bottom flask, fitted with a nitro-
gen 1nlet, a drying tube, and a dropping funnel, were placed
21.5 g 1.2-dicyanobenzene and 140 ml THF. Under a
nitrogen blanket, the mixture was stirred for a few minutes
until all solid was in solution. A solution of 216 mt 0.77 M
p-methylbenzylmagnesium chloride was added dropwise
over a pertod of 2 hours. The liquid turned light yellow and
then yellow green after a few drops of the Gringnard reagent
were added. The color turned pink purple and finally dark
purple upon addition of more Gringnard reagent. After
stitring at room temperature for an additional ¥2 hour, the
solvent was removed under reduced pressure. To the residue
was added 87 ml 1,2,3.4-tetrahydronaphthalene. The mix-
ture was then placed in a preheated oil bath (205° C.). After
1 hour at 205° C., water was added in drops at 10—20 minute
time intervals. A total of 16 ml water was added over an
extended 3 hours of heating. The mixture was allowed to
cool and then dried under reduced pressure to remove
residual water. The residue was then stirred in 200 ml
hexane. The precipitate was collected by filtration and
repeatedly washed with hexane until the filtrate had no more
brown color. After being dried in air, the solid was stirred in
400 ml 1.2 M HCI and filtered. The precipitate was washed
with water thoroughly and dried in a vacuum desiccator
overnight to afford a dark powdery solid. Yield was 24 g.
This solid was shown by TLC to contain five compounds,
presumably, Mg-27-p-MePhTBTAP, the corresponding
diaza and monoaza compounds the prophyrin, and MgPc.
The Mg 27-p-MePhTBTAP was the predominant product.
The product was isolated and purified on a silica gel column
eluting with a mixture of 1560 ml hexane, 642 ml THF, and
312 ml acetone. A total of 20 fractions were collected.
Fractions 5-10 contained mostly the triaza-compound dye
and some diaza- and monoaza-compound. Removal of sol-
vent afforded 5.2 g dark solid. This solid was further purified
on a 510, column eluting with 2360 ml solvent mixture of
hexane, THF, and acetone in the ratio of 8:2:1. A total of 42
fractions were collected. From these fractions, 2.63 g semi-
pure Mg 27-p-MePhTBTAP were obtained. Recrystalliza-

tion from acetone afforded a pure Mg 27-p-MePhTBTAP.
Yield was 1.12 g.

EXAMPLE 12

TETRABENZOTRIAZAPORPHYRIN (TBTAP)
27-
PHENYLTETRABENZOTRIAZAPORPHYRIN
(27-PhTBTAP) 27-(p-METHYLPHENYL)
TETRABENZOTRIAZAPORPHYRIN (27-p-
MePhTBTAP)

A. Tetrabenzotriazaporphyrin

Following Linstead’s procedures, the crude MgTBTAP,
0.35 g, was stirred with 20 ml concentrated H,SO,, at room
temperature. After %2 hour, the yellow-brown solution was
cautiously added in small portions to ice water and the
mixture was centrifuged. The green precipitate was col-

lected and repeatedly washed with water and centrifuged.
The residue was then dried in a vacuum desiccator overnight

providing a dark blue solid. Yield was 0.24 g.
B. 27-(p-Methylphenyl)tetrabenzotriazaporphyrin
(27-p-MecPhTBTAP)

To a solution of 0.23 g 27-p-MePhTBTAP in 12 ml DMF
was added with stirring 1.2 ml concentrated HCl. After 12
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hour, 1.27 ml pyridine was added to neutralize the acid. The
mixture was poured into 75 ml water and then kept in a
freezer for 2 hour. The precipitate was collected, washed
with water and then dried in a vacuum desiccator overnight
affording a dark solid. The solid was purified by recrystal-
lizing from a mixture of 20 ml acetone and 30 ml MeOH.
Yield was 0.20 g.

C. 27- Phenyltetrabenzotriazaporphyrin (27-
PhTBTAP)

The same procedures as described above for the demeta-
lation of Mg 27-p-MePhTBTAP was applied to Mg
27-PhTBTAP and a metal free 27-PhTBTAP was obtained.

EXAMPLE 13

SILICON TETRABENZOTRIAZAPORPHYRIN
DICHLORIDE(SiCL,TBTAP) SILICON 27-
PHENYLTETRABENZOTRIAZAPORPHYRIN
DICHLORIDE (SiCl,27-PhTBTAP) SILICON 27-
(P-METHYLPHENYL)
TETRABENZOTRIAZAPORPHYRIN
DICHLORIDE (SiCl,27-p-MePhTBTAP)

A. Silicon Tetrabenzotriazaporphyrin Dichloride
(SiCl, TBTAP)

In a 25 ml round-bottomed flask, fitted with a drying tube
and a condenser, were placed 151 mg TBTAP. 15 ml THF
were added. The mixture was stitred under a nitrogen
blanket and 2.5 ml 1.5 M lithium diisopropylamide were
added. The mixture turned purple immediately. After 20
minutes, 2.5 ml SiCl, were added and the mixture was then
heated under reflux. After 1 hour, the solvent and the excess
SiCl, were removed under reduced pressure. The dry residue
was extracted with 10 ml THFE. The THF extract was
evaporated to drymess and the residue was repeatedly
washed with water until the washing were nearly colorless.
The residue was dried providing 55 mg dark solid. Absorp-
tion spectrum showed A max 648 669 and 693 Addition of
NH,OH shifted A max to 647.1 and 668.8. The original
residue left from the THF extract was extracted with DMF
8x6 ml. Fractions containing A max 647.1, 670.5 and 692.2
were combined. Removal of solvent afforded 38 mg dark
solid. The solid was redissolved in DMF and treated with
NH,OH. The A max shifted to 647.1 and 668.8. After
removal of solvent and NH,OH, 35 mg dark solid were
recovered. The residue left from the DMF extract was
further extracted with hot DMF 12x2 ml. Absorption spec-
trum showed A max 670.5 and 693.9. Addition of NH,OH
shifted A max to 647.1 and 668.8. Removal of DMF afforded
10 mg dark solid. The combined yield was 90 mg. It seems
that the dye in the protonated form had A max 670.5 and
093.9. When deprotonated, its A max shifted to 647.1 and
0638.8. Subsequently, we have found that demetallation may
take place if the removal of SiCl, is not complete. To prevent
demetallation in the workup of the reaction mixture, a small
amount, e.g. about (.4 moles of pyridine per mole SiCl, used
were added after removal of the SiCl, and before any contact
with water.

B. Silicon 27-Phenyltetrabenzotriazaporphyrin
Dichloride (SiCl,27-PhTBTAP) and Silicon 27-(p-
Methylphenyl)tetrabenzotriazaporphyrin Dichloride

(S1CL, 27-p-MecPhTBTAP)

In the same manner as described above, these two
dichloro silicon triaza compounds were prepared from their
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respective metal-free forms using lithium diisopropylamide
and SiCl, in THE

EXAMPLE 14

TETRABENZOTRIAZAPORPHYRIN
SULFONYL CHLORIDE [TBTAP(SO.Cl).] 27-(P-
METHYLPHENYL)
TETRABENZOTRIAZAPORPHYRIN
SULFONYL CHLORIDE [27-p-MePhTBTAP
(SO,C1)] 27-PHENYL
TETRABENZTRIAZAPORPHIN SULFONYL
CHLORIDE [27-PhTBTAP (SO,Cl)]

A. Tetrabenztriazoaporphyrin Sulfonyl Chloride
[TBTAP(S0,C]), |

In a 25 mi round-bottomed fiask, fitted with a condenser
and a drying tube, were placed 0.401 g MgTBTAP and 10 ml
CISO;H. The mixiure was stitred and heated at 80°-90°.
After 3 hours, 5 ml SOCl, were added. Heating and stirring
were extended for 3 hours. The mixture after being cooled
to room temperature was added in small portions to ice. The
green mixture was centrifuged the residue was repeatedly
washed with saturated Na(l and filtered. The precipitate was
{inally washed with ice water and dried in a vacuum desic-
cator leaving a dark solid. Yield was (.168 g.

B. 27- (p-Methylphenyl) tetrabenzoytriazaporphyrin
Sulfonyl Chiloride [27-p-MePhTBTAP (SO,CD)]

To sulfonate the 27-p-Methylphenyl nucleus selectively,
the above procedures were modified. In a2 25 ml round-
bottomed flask, fitted with a condenser and a drying tube,
were placed 0.265 g Mg 27-p-MePhTBTAP, 6 ml CISO,H,
and 1.5 SOCI1,. The mixture was stirred at 42°—46° overnight
(16 hours) and then worked up according to the procedures
described above. Yield was 0. 296 g.

C. 27-Phenyltetrabenzotriazaporphyrin Sulfonyl
Chloride [27-PhTBTAP (SO,C))] .

Foliowing the modified procedures described above,
Mg-27-PhiTBTAP was sulfonated to give the corresponding
Mg 27-PhTBTAP (SO,Cl).

EXAMPLE 15

SILICON TETRABENZOTRIAZAPORPHYRIN
DIHYDROXIDE [Si(OH),TBTAP)

Joyner’s procedure for comverting PcSiCl, into PcSi
(OH), was followed. [Ref. 7]

In a 25 ml round-bottomed flask, fitted with a condenser
and a balloon, were placed 33 mg SiCL,TBTAP, 3 ml
NH,OH, and 3 m! pyridine. The mixture was heated under
reflux overnight. After being cooled, the mixture was evapo-
rated under reduced pressure to dryness. The residue was
stirred in a small amount of water and the mixfure was
centrifuged. The final residue was dried leaving a dark solid.
Yield was 32 mg.

EXAMPLE 16

SILICON TETRABENZOTRIAZAPORPHYRIN
BIS-PHENYLPOLYETHYLENE GLYCOL
SITBTAP-(O-PhPEG).,.

A trace of SICL,TBTAP was mixed with 150 mg hydrox-
yphenylpolyethylene glycol (Fw=2000) and 20 ul quinoline.
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The mixture was heated in a sand bath at 195° for 5 min.
After cooling, the mixture was diluted in DMFE The DMF
solution was further diluted in H,O. The aqueous solution
was cenfrifuged. A green supernatant was obtained. The
absorption spectrum of this compound was very similar in
DMF or aqueous bufter while the intensity of the fluores-

cence emission was somewhat greater in aqueous buffer than
in DMF.

EXAMPLE 17

LOW TEMPERATURE SULFONATION OF
DIHYDROXYSILICON PHTHAL OCYANINE

Pc-Si(OH),, 741 mg was added to 14.8 ml CISO,H and
stitred at 70° C. for a few minutes to dissolve. Ten ml SOCI,
was added and the mixture was stirred and maintained at 8Q°
C. for 6.5 hours. The reaction mixture was then cooled to

—15° C. and added to precooled ice. Approximately 600 ml
of loosely packed ice cubes were necessary to absorb the
heat generated. The suspension of dye was centrifuged at
about 1000x g and the sediment was suspended in H,O
containing a small amount of Na(l and filtered on a Buchner
funnel and washed in situ with H,O. The product was dried
in vacuo.

EXAMPLE 18

B-ALANINE DERIVATIVE OF SULFONATED
PHTHALOCYANINE

B-Alanine, 514 mg and Na,CO,H,0O, 750 mg were dis-
solved in 6 ml H,O. With stirring 103 mg of sulfonated
PcSi(OH), (prepared as in Example 17) was added. The
mixture was stirred and maintained at 70°-80° C. for 2.5
hours and then stirred at room temperature overnight. The
reaction mixture was acidified with dilute HCl and centri-
fuged. The sediment was stirred in NaCl solution and
recentrifuged. The sediment was dissolved in MeOH and
dried in vacuo. The dry material was redissolved in MeOH
and filtered. The filtrate was mixed with 5 g silica (Silica Gel
60-EM Products) and dried in vacuo. The solid was added to
a silica gel column and developed with CH,Cl, until the
etfluent was colorless and the dye was then eluted with a
gradient of MeOH in CH,Cl,. Fractions were examined by
TLC, and were selected by content of the main component,
pooled, and dried in vacuo. This material was further puri-
fied by preparative TLC on silica in CH,Cl, and MeOH
(6:1).

EXAMPLE 19

DIGOXIN CONJUGATE OF
PHTHALOCYANINE (Pc-DIG)

The [(3-alanine derivative of sulfonated phthalocyanine
(prepared as in Example 18), 3.4 ug was dissolved in 400 ul
DME. To this solution were added 100 ul of pyridine, 22 ul
HOBT (57 mg/ml in DMF) and 150 pl 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide {(EDAC) (27 mg/ml in
DMF). The resulting solution was added to a solution of 3.8
mg 3-amino digoxigin in 100 pt DMF; the resulting mixture
was kept at room temperature overnight. The digoxin con-
jugate was purified by TLC (#5737-7, EM Products), devel-

¢o oped with CH,Cl, and MeOH (6:1) and later with CH,(Cl,
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and MeOH (6:5). The main band (R -0.5) was extracted with
MeOH and dried in vacuo.

EXAMPLE 20

PEG-PHENOL 750

To a mixture of amine terminated PEG, 836 mg, dissolved
in 2 ml CH,Cl,, 186 mg 3-(4-hydroxyphenyl)propionic acid
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N-hydroxysuccinimide was added. The resulting mixture
was kept at room temperature overnight. The solvent was
evaporated in vacuo.

EXAMPLE 21

Pc-DIG-PEG PHENOL CONJUGATE

Pc-DIG (1 mg) was mixed with 250 mg PEG Phenol 750
and heated at 188°-198° C. for 5 minutes. After cooling, the
melt was dissolved in DMF for use in an immunoassay. In
a test for binding activity to anti-digoxin monitored by
transient state polarized finorescence, a trace amount of the
conjugate was dissolved in 2 ml SAP containing 50 pl of
human serum and 2 ml of an antibody preparation. A change
of 0.056 in polarization was obtained over that in the control
with no antibody.

EXAMPLE 22

MEASUREMENTS OF TRANSIENT STATE
FLUORESCENCE

Transient state fluorescence emission was measured as
follows: A tunable dye laser was used to excite the sample
with a pulse of light. The laser consisted of a nitrogen laser
generating 50 KW peak pulse power and a dye laser module
which produced 5 KW peak pulse power. The dye laser was
tunable by orientation of a grating by adjustment of a
micrometer scaled in nm and by using the appropriate laser
dye for the wavelength range required for the experiments.
Total pulse time was approximately 600 ps. A small portion
(less than 10% of the beam) was split off to a high speed
Hammamatsu photodiode to determine the time of the pulse
and to obtain a reading of the pulse power. The fluorescence
signal was monitored at 90° to the excitation direction. A
filter was used to remove the majority of the laser pulse light
for turbid samples. A lens was used to focus the fluorescent
signal onto the PMT photocathode. A rotatable polarizer
with 2 positions for parallel and perpendicular orientation
relative to the laser polarization was located just before the
PMT. The PMT was a gateable microchannel plate PMT
from Hammamatsu with sensitivity from 400 nm up to 850
nm.

A Tektronix 7912 programmable digitizer was used to
capture the fluorescence signal following each pulse of light.
The laser pulse, polarizer position, and the digitizer was
controlled by computer.

To measure transient state fluorescence emission, the user
sets up the number of pulses required for the experiment,
and starts the experiment. The computer then triggered the
laser whose pulse was detected by the photodiode. A pulse
shaper is used to stretch the 0.5 ns puise to 100 ns. After the
laser pulse had passed through the reaction cells, the PMT
was gated on within 2 ns. This increased its sensitivity by
10,000 fold. The gate from the photodiode also activated the

digitizer gate which then captured the next 20 ns of current
produced by the PMT.

In practice, information was acquired with the polarizer
parallel to the excitation source, then the polarizer was
reoriented and data was acquired perpendicular to the direc-
tion of the polarization of the excitation source. The data for
the number of pulses selected was averaged for both polar-
izer orientations and displayed on the monitor. The data can
then be stored, printed, and analyzed to determine the
fluorescent decay time, decay of polarization, and the total
intensity. Data can be collected from solutions without the
fiuorescent dyes to obtain blanks which can be subtracted
from the fluorescent decay curves of the dyes.
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We claim:

1. A detectably labeled marker component which com-
prises a Huorophore moiety coupled to two solubilizing
polyoxyhydrocarbyl moieties, one located on either side of
the fluorophore moiety,

wherein said polyoxyhydrocarbyl moieties are selected
from polyethers, polyols and water soluble polymers
and wherein said fluorophore moiety is a porphyrin
derivative or an azaporphyrin derivative wherein one or
more bridging carbon atoms has been replaced by
nitrogen.

2. A marker component according to claim 1 wherein the
fluorophore moiety comprises a macrocyclic multidentate
ligand coordinated to a central atom.

3. A marker component according to claim 2 wherein one
of the two solubilizing polyoxyhydrocarbyl moieties is
linked on either side of the plane of the macrocyclic ligand
to the central atom.

4. A marker component according to claim 3 wherein the
two polyoxyhydrocarbyl moieties comprise axial ligands
which coordinate to the central atom.

5. A marker component according to claim 4 wherein said
central atom is capable of forming octahedral coordination
complexes.

6. A marker component according to claim 5 wherein said
macrocyclic ligand has a conjugated w-electron system.

7. A marker component according to claim 6 wherein said
macrocyclic igand comprises a nitrogen containing macro-
cycle.

8. A marker component according to claim 7 wherein said
central atom 1is selected from silicon, germanium, phospho-
rus and tin.

9. Amarker component according to claim 8 wherein said
macrocycle comprises a porphyrin derivative wherein from
1 to 4 of the bridging carbon atoms is replaced by nitrogen.

10. A detectably labeled marker component which com-
prises a ftuorophore moiety comprising a nitrogen contain-
ing macrocyclic ligand with conjugated m-electron system
selected from a porphyrin derivative or an azaporphyrin
derivative having 1 to 4 bridging carbon atoms replaced by
nitrogen, a corrin derivative, a sapphyrin derivative or a
porphycene derivative coordinated to a central atom capable
of forming octahedral coordination complexes and is
selected from silicon, germanium, phosphorous and tin
coupled to two solubilizing polyoxyhydrocarbyl moieties,
comprising axial ligands which coordinate to the central
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atom, one linked on either side of the fluorophore moiety
wherein said polyoxyhydrocarbyl moities comprise polyeth-
vlene glycol or polyethylene glycol derivatives.

11. A marker component according to claim 10 wherein
each said polyoxyhydrocarbyl moieties has a molecular
weight of about 200 to about 20,000.

12. A marker component according to claim 11 wherein
said macrocycle comprises a tetrabenzotriazaporphyrin
derivative.

13. A marker component according to claim 12 wherein
said macrocycle is selected from tetrabenzotriazaporphyrin,
27-phenyltetrabenzotriazaporphyrin, and 27-(p-
methyiphenyl) tetrabenzotriazaporphyrin.

14. A marker component according to either claim 12 or
13 wherein the central atom 1s silicon.

15. A marker component according to claim 14 wherein
said central atom is silicon or germanium.

16. A marker component according to claim 15 wherein
said macrocyclic ligand has a lower symmetry than D,;,.

17. A marker component according to claim 16 wherein
said macrocyclic ligand has at least one fused aromatic ring.

18. A marker component according to claim 16 wherein
said macrocyclic ligand comprises a porphyrin derivative
wherein 1 to 3 of the bridging carbon atoms is replaced by
nitrogen.

19. A marker component according to claim 17 wherein
said macrocyclic ligand comprises a phthalocyanine deriva-
tive.

20. A marker component according to claim 17 wherein
said macrocycle comprises a tetrabenzotriazaporphyrin
derivative.

21. A marker component according to any of claims 6, 17,
18 or 20 wherein said central atom comprises silicon.
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22. A marker component according to any of claims 6, 17,
18 or 20 wherein said central atom comprises germanjum.

23. A marker component according to claim 21 wherein
said polyoxyhydrocarbyl moietics comprise polyethylene
glycol or polyethylene glycol derivatives.

24. A detectably labelled marker component which com-
prises a fluorophore moiety comprising a macrocyclic mul-
tidentate ligand with a conjugated T-electron system coor-
dinated to a central germanium atom capable of forming
octahedral coordination complexes coupled to two solubi-
lizing polyoxyhydrocarbyl moities, comprising axial ligands
which coordinate to the central atom, one linked on either
side of the fluorophore moiety, wherein said polyoxyhyr-
docarbyl moieties comprise polyethylene glycol or polyeth-
ylene glycol derivatives.

25. A detectably labelled marker component which com-
prises a fluorophore moiety coupled to two solubilizing
polyoxyhydrocarbyl moieties in which in the presence of
serum components in aqueous solution is characterized by
transient state fluorescence emission having parallel and

perpendicular components of substantially the same inten-
sities as without serum. wherein said polyoxyhydrocarbyl
moieties are selected from polyethers, polyols and water
soluble polymers.

26. A marker component according to claim 25 wherein
said fluorophore moiety consists a tetrabenzotriazaporphyrin
derivative.

27. A marker component according to claim 25 wherein
said fluorophore moiety consists a phthalocyanine deriva-
tive.
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